v" A retrospective analysis of 224 patients with a ruptured supratentorial aneurysm, admitted to the care of one of six neurosurgeons on the day of or the day following their subarachnoid hemorrhage, was carried out. Both postoperative and management mortality rates were calculated by the grade of the patient on admission. There were no statistically significant differences in postoperative and management mortality rates when patients were categorized by time of operation, except for the increased management mortality for Grade 3 and 4 patients who were operated on late.
W
'HAT is the optimum timing of definitive surgical intervention in the recently ruptured intracranial aneurysm remains a question that cannot be answered with certainty at the present time. There is no doubt that some experienced neurosurgeons can operate on all grades of patients at any time following a subarachnoid hemorrhage (SAH) with a relatively low mortality rate? A significant problem remains, however, for the average neurosurgeon faced with a freshly ruptured aneurysm. Should he operate immediately to preclude further bleeding episodes and permit more vigorous management of subsequent ischemic complications, or should he attempt to prevent interim rebleeding with antifibrinolytic and hypotensive agents while waiting several weeks until the operation becomes technically easier to perform and generally safer? With the latter method of management, the number of patients who die while awaiting definitive surgery becomes an important consideration. Since the total original number of patients who suffer an SAH (including those who die before surgical intervention) is not known or not stated in virtually all of the published series, the postoperative mortality figures are not particularly helpful in resolving the controversy about the optimum time of surgery.
A retrospective analysis of our clinical material from the point of view not only of postoperative deaths but also of those occurring prior to surgery might shed some light on this subject. The important distinction between this and other studies is that we have restricted our analysis to patients who came under the care of a neurosurgeon very shortly after their SAH. It would be most helpful if papers on the results of aneurysm surgery defined the original patient population by the day of admission to the neurosurgeon and gave their clinical grade at that point.
Clinical Material and Methods
Of the 499 patients with intracranial aneurysms admitted'either to the University of Alberta Hospital or Royal Alexandra Hospital between 1968 and 1980, only those patients admitted to the care of one of six neurosurgeons on the day of (Day 0) or day following (Day 1) SAH were included in the study. All patients were treated by one of six neurosurgeons. In an attempt to define a relatively pure population, only those patients managed by definitive surgery (obliteration of the aneurysm by a clip) within 32 days of SAH or those who died during this same period without definitive surgery were included. less than clipping were considered "non-operated" and were included as "non-operated deaths" if the patient died within the period of study. Vertebrobasilar aneurysms were excluded, as were intact aneurysms presenting as mass lesions. Patients with a previous SAH that occurred within 30 days of the present bleed were not included.
Patients were graded on admission. The grading system was as follows: Grade 1: the patient was asymptomatic and had no abnormality; Grade 2: the patient had headache and/or stiff neck; Grade 3: the patient had depressed consciousness and mild to moderate neurological deficit; Grade 4: there was depression of consciousness and severe neurological deficit; and Grade 5: the patient was apparently moribund.
"Postoperative mortality rates" for any given time interval were based on the number of deaths (within 30 days of operation) in patients operated on within that time interval expressed as a percentage of the total number of operations in that interval. "Management mortality rates" for any given time interval were based on the number of patients who died following surgery in that period plus the number of those who died without surgery either before or during that time interval, all expressed as a percentage of all patients who would have waited for treatment in that time interval.
Postoperative and management mortality rates were then examined as a function of time interval at definitive operation (early: 0 to 3 days, middle: 4 to 9 days, and late 10 to 32 days), grade on admission, age of patient, year of surgery, and operating surgeon.
Results
The study comprised 224 patients: 115 had a definitive operation and survived, 34 had a definitive operation and died within 30 days, and 75 died without a definitive operation (Fig. 1) .
Considering Table 2 , and looking at "all grades on admission" in particular, a general trend is observed. It appears that the postoperative mortality rate tends to decrease the longer the definitive operation is delayed, whereas the management mortality rate tends to increase over the same time period as more patients die awaiting definitive surgery. The "good" patients (Grades 1 and 2) and the moribund patients (Grade 5) did not follow this trend. In these groups, the timing of the definitive operation made no significant difference to either the postoperative or management mortality rate, since most "good" patients did well whenever they were treated, and all Grade 5 patients died regardless of how they were treated. The overall trend is particularly evident, however, in Grade 3 and 4 patients. The dangers of operation (in terms of postoperative mortality) were the same whether the aneurysm was clipped in the early, middle, or late period. However, the management mortality rate was significantly (p < 0.005) lower in patients who had a definitive operation early, suggesting that more Grade 3 and 4 patients died while awaiting delayed surgery than died as a result of increased risks of early surgical intervention.
Grade on admission was strongly correlated with 
*The grading system is described in the text. SAH ----subarachnoid hemorrhage. ~Significantly greater management mortality (p ~ 0.005) for Grade 3 and 4 patients operated on late (Days operated on early (Days 0-3): 40% were Grade 1 or 2 on admission, 44% Grade 3 or 4, and 16% were Grade 5.
10-32) than those success in management: Grade 1 and 2 patients consistently did significantly (p < 0.05) better, in terms of both postoperative and management mortality rates, than Grade 3 and 4 patients, and, certainly, than Grade 5 patients.
When age was considered as a factor, statistical analysis was difficult, since nearly 70% of patients were in their fourth to sixth decades, leaving a relatively small number of patients in the younger and older groups. Generally, a trend toward higher postoperative as well as management mortality rates was noted as age increased.
There was no significant differences in either postoperative or management mortality rates between patients managed before 1975 (138 cases) as opposed to those managed after 1975 (94 cases).
For those cases admitted on Day 0 or Day 1, the surgeon with the largest number of cases managed (68) had the lowest postoperative mortality rate (10.8%) and management mortality rate (39.7%). This postoperative mortality rate fell from 15% before 1975 to 7.6% after 1975, and the management mortality rate fell from 50% to 29.4% over the same time period.
Discussion
A pioneer effort to clarify surgical risk in relation to time of intervention was that of Hunt and Hess in 1968. ~ Results were studied with respect to grade at time of admission and surgery. The effect of the day of admission to the neurosurgical service was not analyzed in detail. Despite a policy of operating on Grade 1 and 2 patients within 24 hours of admission, only I 1 of 149 patients who were classified as Grade 1 or 2 at surgery were actually operated on within the first 3 days following their hemorrhage. Fifteen of these 149 patients died without surgery, 14 of the 15 from rebleeds. Of the patients categorized as Grade 3 on admission, 34% deteriorated to lower grades preoperatively. It was believed that since most of these patients died of infarction, which was then untreatable and which would not have been improved by operation, this waiting period was justified, since 55% of the patients improved while waiting for surgery. This work clearly established that postoperative mortality was highly dependent upon grade on admission; but it did not shed any light on the optimum time for surgery.
Alvord, et al., 1 established that not only was clinical grade a critical determinant of survival, but so was the duration of the past survival at the time of making a prognosis. They noted that by 2 weeks following SAH approximately half the patients would have died, and that by 2 months after SAH the mortality rate would be almost two-thirds. What is germane to the identification of the optimum time for surgery was their Probability of Survival Table which showed that, for all grades of patients at the end of 3 days following SAH, there is a 55% probability of survival, whereas between 21 and 60 days after hemorrhage there is an 85% probability of survival. Clearly, then, the surgeon who operates early has only to achieve better than a 45% postoperative mortality rate to improve on the natural history of the disease, whereas the surgeon who operates more than 3 weeks following the hemorrhage must have lower than a 15% postoperative mortality rate to improve on the new natural history at that point. For all cases admitted to the University of Washington Hospitals between 1958 and 1971 on Day 0 or 1 after SAH, the management mortality rate for Grades 1 and 2 was 25%, for Grades 3 and 4 it was 48%, and for Grade 5 it was 77%. Alvord, et al., reported that 25% of their patients were Grades 1 or 2 on admission, 58% were Grades 3 and 4, and 17% were Grade 5, and that 57% of their SAH admissions were admitted on Day 0 or 1. They made the point that if better patients are selected for surgery and worse ones left for medical management it should not be surprising that surgery appears to be better by carrying a lower death rate. Similarly, if better patients are selected for late surgery (and they are better because they have survived for a longer period), it should also not be surprising that late surgery appears to have an advantage over early surgery if one confines the examination to postoperative mortality rates.
In our previous study of 135 patients operated on between 1968 and 1973, 7 a multiple regression analysis showed that the number of days between SAH and surgery was an important determinant of a patient's survival at 2 months post-SAH, although it was less significant than vasospasm or mass lesion.
Surgeons with large clinical experience have had far lower postoperative mortality than we have, but the difference can be explained, at least in part, by the fact that the patients operated on were survivors of much larger groups of patients. For instance, in Suzuki's series of 1000 cases, analyzed by Yoshimoto, et al., 9 84% were operated on 8 or more days after the SAH; in the 397 cases of Sano and Saito, 4 84% were operated on more than 7 days post-SAH; in Sundt's series, 5 59% were operated on more than 10 days after SAH. In the Yasargil series, 8 Grade 1 to 3 patients underwent surgery on the average 2 to 3 weeks after hemorrhage. Even in our cases there was a 0% postoperative mortality rate in Grade 1 and 2 patients operated on between 10 and 32 days posthemorrhage, yet this does not accurately reflect our overall mortality figures.
Given the high percentage of Grade 5 patients in our practice, which serves as a primary neurosurgical referral center for the large majority of the population of a vast geographic area, we probably approach more closely the total "universe" of ruptured aneurysm patients than occurs in international referral centers, where most patients, of necessity, must be well enough to survive a trip and transfer between hospitals.
Following the meticulous examination of 310 patients with acute SAH from ruptured intracranial aneurysm, Sundt and Whisnant 6 were unable, on the basis of their data, to recommend a time for surgical intervention. Those patients were cared for between 1969 and 1977 by one surgeon. Operation was customarily delayed for 7 to 9 days, or until the patient was free from acute meningeal complaints if this occurred earlier. With this policy, 10% of patients died and 13% deteriorated before operation. Of 228 patients admitted as Grade 1 or 2, 18% deteriorated or died preoperatively, whereas 30% of patients admitted as Grade 3 or 4 deteriorated or died while awaiting surgery. They reported that 32% of their patients rebled following their initial SAH, and 14% developed delayed ischemic deficits preoperatively. The operative mortality rate was 5%, and the overall management mortality rate was 14.5% in these Grade 1 to 4 patients.
Sampson, et al., 3 retrospectively reviewed 106 consecutive patients in good clinical condition who underwent definitive aneurysm obliteration. When the patients were divided into those operated on before the 8th day, or 9 to 31 days after SAH, no significant difference in the operative mortality rate in each group was found. Additionally, no significant difference was noted in the incidence of either intraoperative complications or postoperative morbidity. The authors did not address the question of overall management mortality by considering deaths or deterioration while awaiting surgery in patients in the "good" group. Their study did show that in this type of patient there was no dramatic difference in outcome consequent to the timing of surgery.
Since the conduct of an early operation by itself has not clearly had an adverse effect on mortality rates in our experience, our current policy is to carry out surgery as soon as possible regardless of grade. This is because the problem of rebleeding is solved by accurate clip application and the management of ischemia becomes easier. Our results suggest that for some surgeons only, greater clinical experience results in both a lower postoperative and a lower management mortality rate. It also suggests that there has not been a major reduction in either postoperative or management mortality rates in the last few years in our institution.
One conclusion from this review is that, despite the acceptable results in good grade patients, there remains a major unsolved problem in dealing with the patients who are acutely devastated by their initial bleeds.
The importance of time-grade relationships has been established, but it has still not become common practice for reports on results of aneurysm surgery to present not only the grade of the patient on admission or at surgery but also their grade and day of admission to the care of the neurosurgeon. We do not think that a prospective study will answer the question unequivocally unless there is early randomization as to the time interval during which the patient will be operated on. It seems to us that a fundamental error is made whenever advocates of delayed surgery point to the greater overall postoperative mortality rate in patients operated on early than in those going to surgery later. The superiority of one policy over the other can only be demonstrated with certainty by pointing to lower overall management mortality rates and improved neurological outcome.
This important problem will best be answered by a prospective randomized multicentered clinical trial. The fact that our retrospective study does not suggest that an overwhelming advantage accrues to either "early" or "late" definitive surgery is simply another inducement to the initiation of such a study.
